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Abstract 
The proposed concept for sustainable and integral test centre development offers the opportunity to 
establish various test methods and procedures for the quality assurance of solar thermal collectors, 
systems and components on a regional, national and international market. The concept of an integrative 
test centre evolution is presented and discussed in its major phases. Moreover, the cross-linking and 
embedding of the concept in the context of a functioning quality infrastructure with the various market 
participants is presented. By means of anonymised practice examples of finished and ongoing projects the 
concept is demonstrated and evaluated. The results are presented and lessons learned are described. The 
implementation and the business operation of a solar thermal test facility is one important element within 
the specific market. To ensure the quality of the products and to attend the role of an observer on the 
market a test centre has to fulfill a number of requirements. Besides the necessary technical equipment 
and the implementation of tests in accordance to the various national and international standards the 
laboratory has to realize a quality management system to guarantee the quality of tests and services. On 
the basis of the technical equipment, the testing scope and the implemented quality management system 
the test laboratory can achieve an accreditation according to ISO / IEC 17025 as proof of independent 
third party testing. Within the concept based on a comprehensive analysis of the current situation, taking 
into account the economic and political conditions and the future vision as well as the development goal 
for testing methods a project plan with a specific roadmap is carried out in close cooperation with the 
local partners. Such solutions may consist in modular or complete technical concepts for a testing centre, 
of targeted training, continuing education activities or a Round Robin test to ensure the proper 
understanding and application of the testing methods. According to the experience of recent and ongoing 
projects it is recommended to conduct a detailed analysis which considers the state of the art, the local 
circumstances and the main objectives of the test centre. Moreover a high quality of documentation and 
knowledge transfer are evident to reach a sustainable result. Furthermore it can be concluded, that the 
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training and the continuing education of the staff of the test centre is the most important factor, since their 
ideas and innovation assures the quality of work and the future of the test centre. 
Particular the systematic, sustainable and integrated approach of the method is new and innovative. 
The development and implementation of a solar test centre within the presented concept ensures a high 
reliability and reputation. Moreover it leads to a high level of consumer satisfaction, improved market 
transparency and may support a flourishing solar thermal market in the countries considered. 
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1. Introduction 
Solar thermal applications offer a huge potential to contribute to the energy supply of the world. Solar 
thermal products can be used for residential applications, industrial processes as well as for electrical 
power generation. Besides the different kind of pumps, pipes, valves, controllers and storages a wide 
range of collector types is available. The most common used collectors are evacuated tube collectors 
(ETC), flat plate collectors, tracking collectors and hybrid collectors which deliver thermal and electrical 
power at the same time. To guarantee the technical safety, the reliability, the performance criteria as well 
as the documentation for users and installers of a collector or a system an evaluation process from an 
expert is necessary. Solar thermal test centre can provide the know-how and service to conduct the quality 
assurance processes. Those quality assurance processes should be based on international standards like 
the ISO 9806, ISO 9459 or based on national or regional standards, in order to provide a high degree of 
transparency, acceptance and conformance. 
2. The objective of a solar thermal test centre and competence centre 
To guarantee a technical observation of a solar thermal market, the integration of a specialized test 
centre or a test laboratory is necessary to provide the equipment, experts and know-how to fulfill this 
function. With a test centre the market can be guarded against technical dangerous, counterfeit and low 
quality products. The operation of a solar thermal test laboratory requires the properly weighted 
combination of various factors. In the following figure the business operation of a solar thermal test 
centre is shown. In the following figure the basic business operation of a solar thermal test centre is 
schematically shown. Obviously the junction of the different themes leads to business operation in 
accordance with the objectives of the laboratory itself. A main objective of a solar thermal test centre is 
the establishment of a specific testing scope that fulfills the requirements of the national or international 
market. A test report of the product evaluation provides a good basis for the market access of the product 
or a possible condition for a subsidy of the product. Another objective of the test laboratory should be the 
participation in R&D projects and prototype development in order to ensure the contribution of expert 
know-how to the needs of the market. In addition the test centre should be ready to offer education and 
training and in addition act as an educational meeting point. R&D projects, prototype development and 
educational trainings have to be implemented outside the scope of the accreditation, since the independent 
third party status has to be assured. The knowledge that will be accumulated at a centre should be spread 
to a wide range of market participants. The bandwidth includes student laboratories, student courses, 
installers teaching and expert seminars. 
To reach the basic objectives different factors have to be ensured. A basis part of the successful 
business operation is the equipment of the laboratory, since it enables the laboratory to conduct tests in 
conformance with the valid standards. Taken into account the precision of the instruments and sensors 
used as well as the specifications for components like temperature control units or pumps the equipment 
has to be chosen precisely according to its function at the test facility. Furthermore the location of the test 
centre should guarantee a test field that allows an orientation towards the equator. The constructions of 
the test rigs have to fulfill the criteria of the standard and additional static requirements. Moreover a 
suitable amount of rooms with the needed technical infrastructure and a proper facility management is 
required. The data processing and evaluation of the measurement data to standard conform results 
depends on adapted software solutions. At the test centre a standard data acquisition and processing 
procedure – including software - should exist. The employees should be able to modify such application 
in order to develop new programs for internal projects or new test sequences. Besides the data acquisition 
software a software package for the simulation of a solar plant design and the calculation of the yearly 
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yield might be necessary. Furthermore adapted evaluation software for the various test methods might be 
necessary. To guarantee independent third party testing at the test centre an accreditation according ISO / 
IEC 17025 is required. For this reason a quality management system has to be implemented and executed. 
The most important part for the completion of the puzzle is to ensure a successful business operation 
of the test centre is the staff of the solar thermal test facility, since the employees are the carrier of the 
know-how and their ideas and innovations support a solid development of the test centre. The team of a 
test centre consists in dependence on the objectives of various members. Basically a head of the 
laboratory and a specific deputy regulation is necessary. The head of the laboratory is responsible for the 
technical and business management of the test centre, which includes the presentation of the business 
unit, the acquisition of projects, the controlling of business processes and the personnel management. To 
ensure the proper implementation of a quality management system at least one employee and deputy is 
responsible for this task. A qualification of the responsible team member according to ISO 19011 as an 
internal and external auditor is advantageous. Solar thermal expertise for the various test methods is 
necessary, which can also be located amongst others at the head of the laboratory or the quality manager 
of the test centre. In addition craftsmen are important to conduct the necessary plumber work, electrical 
installations and metal work. In order to ensure the continuous education of the employees of the test 
laboratory the presentation of project results at conferences may represent a good opportunity. Moreover 
the contribution of the employees of the test centre as members of committees and network groups leads 
to a wide discussion of open questions, to the participation at national or international networking, and a 
good standing within the array of test centre, respectively. 
 
Fig. 2. Schematic diagram of the basic business operation of a solar thermal test centre 
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3. Implementation of a solar test centre in a functioning quality infrastructure 
The term quality infrastructure [QI] refers to the interaction of several players involved in a specific 
market with the aim to provide a high quality for a product or a service. The concept of QI includes all the 
involved stakeholders and participants of the quality process in the market. The term QI refers to all 
aspects of metrology, standardization, testing, quality management, certification and accreditation that 
have an impact on conformity assessment. This includes both public and private institutions and the 
regulatory framework within which they operate.  
 
Fig. 1. Example for the interaction of the stakeholders of a national quality infrastructure [QI] from the perspective of a solar 
thermal test laboratory 
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In figure 1 the interaction of the stakeholders of a national QI is schematically shown. In general the 
core of a national quality system are the national standards body, which is developing standards and 
guidelines as a working basis in technical committees, the national metrology institute, that guarantees the 
traceability of measurements to fundamental and natural constants, and finally a national accreditation 
body which ensures that the various actors meet a particular certified property. Most of the accreditation 
bodies of the countries are recognized worldwide by the International Laboratory Accreditation 
Cooperation [ILAC] at a different status. The international standard for the general requirements of 
accreditation bodies is the standard ISO / IEC 17011. Certification bodies in Europe can be accredited if 
they meet the requirements according to the EN 45011 for product certification and thus possess the 
ability required for attestation of conformity. At international level the standard ISO / IEC 17065 is in 
force for certifying products, processes and services. Solar thermal test centre work closely together with 
the certification authorities and apply the developed specific technical regulations and standards. Test 
centre must ensure the traceability of the measurements and shall be accredited in accordance with the 
standard ISO / IEC 17025, which is based on the quality standard ISO 9001 and includes also additional 
requirements. The return of the metrics of testing laboratories is usually done with the help of accredited 
calibration laboratories that are specialized on certain measures and working fields, and those laboratories 
in turn are accredited and ensure traceability to the national fundamental and natural constants. 
Another member of a quality system is the academic sector, namely basic and higher education. 
Universities and colleges are providing educational services for all the sectors of a quality system either 
inquiring or educating participants. The basic education is transferred by means of training courses for 
installers and planners in order to provide the information of the technical requirements and the complete 
setup of solar thermal applications. Consumer associations express the interests of consumers and buyers, 
while the interests of the industry are represented mainly by the trade associations. The whole network 
comprises a functional quality system as a key factor for the manufacturer, who will produce its products 
according to the current state of the art and the applicable standards. Links are essential between the 
service providers of the quality assurance system because they examine and certify products and 
components and in addition calibrate measuring instruments that are used in the production process or for 
testing applications. Another player is the group of importers and exporters, and foreign investors who are 
on the national market for their business. With the knowledge of the processes within the QI and in the 
best case, with the international acknowledgement of the actors, the entry to a national market can be 
conducted. With an expansion of the national horizon to a global view the leveling of international 
recognition of certification, test results and standards may be achieved. For this reason the networking of 
the various institutions and organizations of a quality infrastructure should cooperate internationally and 
acknowledge the results, reports and documents amongst themselves according to international standards 
as a basis. 
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4. The concept of test centre development 
The concept of test centre development with respect to the establishment of test capacities for solar 
thermal markets is established in order to provide a sustainable and schematic method for the 
implementation, re-commissioning, update or upgrade of a solar thermal test facility. During the first 
phase a basic evaluation of the present situation is conducted. The framework of the project is going to be 
defined in order to specify the scope of the project. Amongst others the various standards that are 
available at international level, like the standard ISO 9806 or ISO 9459, or at regional and national level, 
like the DIN EN 12975 or DIN EN 12976 will be implemented in the framework. With an assessment of 
the test facility or the area where a test facility is planned the first data and information for the project will 
be collected. Taking into account this information, the political and economic situation within the country 
and region and the knowledge about the relations with the further participants of the national quality 
infrastructure a report of the current situation will be prepared as a basis for the next phase. In particular 
the change of perspective and the reflectance of the project out of the QI view ensure a far-reaching 
approach. During the second phase a proposal for the project plan will be prepared by means of a 
roadmap to achieve the desired objectives. The roadmap with the major work packages and milestones 
will be presented to the cooperation partner and discussed in detail. By means of a feedback loop the 
results and open questions of the discussion will be implemented in a new version of the roadmap until it 
is sufficient to both cooperation partners and can enter the next phase of the project. In the activity and 
controlling phase the project will then be executed and the results are going to be proven by a comparison 
test or a round robin test with another test laboratory. Another feedback loop ensures the understanding 
and correctness of the project. The results or findings of the project may lead to a publication or a final 
report. The described concept is developed on the basis of the ISO 21500 “Guidance on project 
management”. 
Table 1. Schematic presentation of the concept for test centre development 
Period /  
Course 
Step 1 
Definition 
Step 2 
Method 
Step 3 
Reflection 
Step 4 
Documentation 
Phase 1 
Basic evaluation 
 
 
 
Project framework 
 
Site assessment 
 
Expert analysis 
 
Report  
Phase 2 
Planning 
 
 
Proposal of project 
plan 
Roadmap to achieve 
the objectives  
Feedback with 
cooperation partner 
Report 
Phase 3 
Activity and 
controlling 
Execution Comparison of results 
/ project output 
Feedback with 
cooperation partner 
Publication / Report 
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5. Practice examples of the concept 
During the realization of projects for the setup and implementation of solar thermal test facilities a 
variety of influencing factors have to be considered and often no ideal conditions are discovered. A first 
source of possible errors is the quality and accuracy of the tender or request. It happens, that key points 
are not included in the tender document or requirements of the standards were reversed or not integrated 
correctly. That fact may lead to irritations and misunderstandings between the project partners. For such 
cases, independent advice and consultation about this working package for the test centre and the 
responsible department is helpful with the aim to achieve the best possible result for the client. The 
neutral and independent processing of the tender documents may be ensured by the control of another 
expert in the field of laboratory construction. The proposed concept for sustainable and integral test centre 
development offers the opportunity to define the framework in the first phase of the project. By means of 
checklists and questionnaires the framework and the boundaries of the project will be comprehensively 
specified. A major challenge is the consideration of local conditions and country-specific requirements, 
such as the quality of the power grid or possible power outages and shutdowns. E.g. at a project in the 
Middle East the frequent breakdown of the power grid was covered by the power generator of the local 
institute as substitute power supply system. At the test facility an independent power supply system was 
integrated in order to save the data and to restart automatically the measurement sequences after the daily 
power failure. 
Furthermore, the test system should be integrated into a concept of security to prevent unauthorized 
access to the test area. With regard to the confidentiality and a possible accreditation this is important, 
since this point is checked regularly by the accreditation body. The access to the facility shall be regulated 
with a suitable security concept and can also be monitored by a camera system. The collector test area 
should not be shaded and the specific requirements of the standard must be met. At a project in the 
Middle East a street lamp and a tree have been removed, as these were too close to the test area. The 
drawings and pictures that have been available before the assembly of the test facility have not shown 
those circumstances. For the construction of outdoor test rigs there should be enough space provided in 
order to ensure a clear field of view out of the collector aperture area view and reflections of other 
surfaces shall be avoided. Safety aspects such as fire safety and escape routes must comply with the 
country-specific requirements. In a project proposal for an Arabic country the static of the mounting 
systems and the housing of the equipment was especially designed to withstand very high mechanical 
loads, which occurs during desert storms. 
The mentioned aspects will be discussed and clarified in bilateral talks within the second phase of the 
concept. By mutual agreement and a reflection phase, the roadmap is developed to achieve the desired 
objectives of the project. Such solutions may consist in modular or complete technical concepts for a 
testing centre, of targeted training, continuing education activities or a Round Robin test to ensure the 
proper understanding of the testing methods. As an example for a modular technical concept a test rig was 
developed in close cooperation with the staff from the laboratory of a University of Applied Sciences in 
Germany. The University already owned a lot of the necessary technical equipment and they were able to 
provide some of the mounting and metal work that was needed for the commissioning of the test facility. 
By delivery of individual assembly sections and a competent agreement about the interfaces and 
boundary conditions the project could successfully completed. Within the concept a proficiency of local 
employees for independent and autonomous execution of the tests is provided. As part of the concept the 
provided software programs can be changed and enhanced on site. So that employees have the 
opportunity to develop programs themselves and do not rely on runtime versions, which do not allow 
further changes. 
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At an expert mission in North Africa such a problem could be encountered. An outdated version for the 
implementation of performance measurements according to the standard ISO 9459 Part 5 could not be 
adjusted according to the requirements by the test engineers. The guarantee of a regular calibration of the 
sensors and an adjustment of the sensor characteristics in order to ensure the traceability of the 
measurements seems hardly been achievable with the utilization of runtime versions. Furthermore within 
the concept it is cross-referenced to the relationships between the QI stakeholders and advice is offered to 
secure the traceability of measurements. In many countries, the traceability of the measurements is not 
given and special solutions must be developed or the alternative is an expensive calibration abroad. In the 
third phase of the concept the realization of the project is the focus. By means of a comparison of 
measurement results or defined specifications it will be verified if the project output fulfills the 
requirements that are specified in the framework and if the objectives of the project are reached. With an 
integrated feedback loop a deviation from the desired objective will be refinished. 
The presented concept for test centre development has been tested and adopted in recent years at 
different project in Germany and on an international level. Besides the implementation of a test facility in 
accordance to EN 12975 at a University for Applied Science in Germany and the relocation of the 
accredited solar thermal test laboratory in Saarbrücken [TZSB] the implementation of an accreditation 
ready test facility to a country at the Middle East region were successfully realized. Furthermore an expert 
mission was conducted to the maghribian countries and Egypt in behalf of the German metrology institute 
Pysikalisch-Technische Bundesanstalt [PTB] to investigate the basic needs of the participants of the local 
solar thermal quality infrastructure. A basic project plan was developed which contributes to the 
strengthening of the quality infrastructure for solar energy, which also includes the possibility of the 
traceability of the measurement values from the test laboratories in the evaluated region in North Africa. 
6. Conclusions 
For the implementation of test procedures for solar thermal test laboratories a wealth of influence 
factors are taken into account. Besides the technical and economical challenges also the classification of 
the institution of the clients in the national and international quality infrastructure shall be considered. 
The consideration of different perspectives within the concept, such as the perspective of an accreditation 
body, a certification body or the national standardization institute offers the possibility to get a wide point 
of view on the requirements of the project and enables an early detection of challenges. The concept of 
test centre development with respect to the establishment of test capacities for solar thermal markets is a 
sustainable commitment to consider this objective and to guarantee a successful implementation. A 
previously lesson learned during the application of this concept is that an expert advice at an early stage 
of the planning process is essential. In some cases assistance is useful for the preparation of tender 
documents, in order to ensure a high degree of correctness and transparency. 
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Furthermore, a detailed analysis of the conditions in the local area of the test centre is evident. To be 
aware of potential technical challenges with regard to the climate, the power grid, the water quality or the 
local safety aspects is inevitable. It has also been shown that a detailed and comprehensible training for 
the various test methods is necessary in theory and practice. This is a very important factor to guarantee 
that the employees on-site are trained in a sustainable way and to enable them to cope with the new future 
challenges. Another essential starting point is the detailed analysis of the needs from the test laboratory to 
develop the best possible strategy from the beginning. Amongst others, such needs may be in the field of 
technical equipment, data processing solutions, modular assembly sections or an adapted employee 
qualification. Ultimately, continuous education of the employees is of great importance, since the 
employees which are operating the solar thermal test laboratory are ensuring the future of the institution 
with their new ideas and innovations. During the project execution a close cooperation between the 
project partners and a high degree of consulting service is important in order to ensure a professional 
quality of work and to enable the new solar thermal test centre to act as the nationally responsible 
institution for the solar thermal product control. 
Hence, well adapted solar thermal test capacities in a country lead to a high level of consumer 
satisfaction, improved market transparency and may support a flourishing solar thermal market in the 
concerned countries. 
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